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1 Introduction 
Motor vehicle emissions have been 
identified as one of the major contributors 
of fine and ultrafine particles (UFP) in 
urban areas. Schools located near major 
roads could potentially be exposed to high 
levels of UPFs and school classroom is an 
important microenvironment where 
significant exposure to UFPs is likely to 
occur. Most of the research conducted to 
date has investigated the relationship 
between indoor and outdoor particle 
number concentration (PNC) in schools 
based on one outdoor location, which may 
introduce a level of error when calculating 
the variation of total UPFs, and can result 
in the underestimation or overestimation of 
indoor to outdoor (I/O) ratio values.  
 
As a part of the Ultrafine Particles from Traffic 
Emission and Children Health (UPTECH) 
study (the study design is available at: 
http://www.ilaqh.qut.edu.au/Misc/UPTECH%2
0Home.htm), this work focuses on the 
influence of different outdoor site locations on 
calculated I/O UFP ratios. The aims of this 
work were to (1) quantify PNC; (2) calculate 
I/O ratios; and (3) evaluate the impact of 
outdoor site location on calculated I/O ratios.   
 
2 Materials/Methods  
PNC measurements were conducted in six 
state primary schools in the Brisbane 
metropolitan area, Australia. Total PNC 
was measured using a Water-Based 
Condensation Particle Counter (WCPC, 
TSI Model 3781) and traffic flow rate was 
measured using a MetroCount 5600, set up 
on the busiest road adjacent to the school. 
 
Indoor and outdoor PNC measurements 
were conducted simultaneously and 
continuously for 2 weeks at each school.  
In each school, three outdoor sites, labeled 
OA (upwind from road), OB (central) and 
OC (downwind from road) were selected 
across the school ground to estimate the 
exposure profile for the entire school area. 
The indoor sites at each school were 
selected in two naturally ventilated 
classrooms used by 8-11 years old children 
and labeled as Indoor A (IA) and Indoor B 
(IB). The WCPC was placed on a desk at 
the rear centre of the classroom, about 2m 
away from the windows/doors. Only data 
from IA was compared to the three outdoor 
sites (OA, OB, OC) in this paper. 
 
3 Results and Discussion 
The daily average indoor and outdoor PNC 
for the six schools are presented in Figure 
1, which shows that PNC at the three 
outdoor sites decreased with increasing 
distance from the road. Consistently higher 
PNC values were observed at OA, ranging 
from 5.46 x 103 - 2.55 x 104 particles cm-3, 
while indoor PNC ranged from 4.98 x 103 - 
1.64 x 104 particles cm-3. These findings 
are consistent with the results of previous 
studies (Morawska et al. 1999; Hitchin et 
al. 2000; Zhu et al. 2002). A positive 
relationship was also observed between 
PNC and traffic flow rate at all schools, 
with significant correlations coefficient 
found at S02, r = 0.6; S05, r = 0.5 and S04, 
r = 0.3. In addition, S02 showed the 
highest PNC with a traffic flow rate of 910 
vehicles hr-1, followed by S04 (834 
vehicles hr-1), S05 (689 vehicles hr-1). 
  
 
Figure 1: Indoor and outdoor PNC for the six 
schools. 
         
The I/O ratios for each school were 
calculated based on a comparison of IA 
with the three outdoor sites, respectively. 
These ratios was analysed using the t-test 
and ANOVA, the results of which are 
presented in Table 1. I/O ratios were 
significantly different based on each 
outdoor site location (p < 0.05) at each 
school, with the calculated I/O ratios for 
OA being significantly lower than those 
for OB and OC. For schools where a 
decrease in PNC was observed with 
increasing distance from the road, the I/O 
ratio was inversely correlated with PNC at 
the outdoor site locations.  
 
Table 1. I/O ratios at different outdoor sites for 
the six schools. 
Location 
 
School 
I/O ratio (mean ± SD) p value 
IA/OA IA/OB IA/OC 
S01 0.92 ± 0.48 1.16 ± 0.60 1.10 ± 0.60 < 0.05 
S02* 0.74 ± 0.45 1.24 ± 0.72 N.A. < 0.05 
S03 0.76 ± 0.45 0.84 ± 0.43 0.94 ± 0.46 < 0.05 
S04 0.84 ± 0.64 0.87 ± 0.65 1.47 ± 1.11 < 0.05 
S05 1.03 ± 0.28 1.33 ± 0.34 1.14 ± 0.34 < 0.05 
S06 0.59 ± 0.18 0.79 ± 0.29 0.77 ± 0.19 < 0.05 
*t –test analysis 
N.A. – Not available 
 
Moreover, the calculated correlation 
coefficients for PNC at both indoor and 
outdoor site locations varied between 
schools.  The most significant correlations 
between PNC for the indoor and outdoor 
sites at each school were found to be as 
follows: for S01, IA vs OC (r = 0.76); for 
S02, IA vs OA (r = 0.84); for S03, IA vs 
OC (r = 0.88); for S04, IA vs OA (r = 
0.66); for S05, IA vs OB (r = 0.75); and for 
S06, IA vs OB (r = 0.62).  
 
4 Conclusions 
Analyses of the data from the six schools 
shows that the choice of outdoor site 
location had a significant impact PNC 
measurements, as well as the calculated 
I/O ratio. Therefore, the selection of an 
appropriate outdoor site could be an 
important factor influencing the 
quantification of I/O ratios. 
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